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Thic heat capacity of e in a sinall rotati g cylinderne 1 the lar nhda transition is computed using the ¥
theory of Ginzburg and Sobyanin. We obtainedd i phi e o agraro for vortex formation which agrees with the

computation of Kiknadze and Mamaladze.

L INTRODUCTION

The Lambda- transition in liquid helinm has 1
come amodel for phase transitions. Thie Giomnsition
with no counterflow between normal fluid and suyoer
fluid is rather well studied and understood im tenins
of renormalization group theory.

Broken gauge symmet ry gives rise to a new the
modynamic degree of freedom below the superfinid
transition. I't corresponds to counterfllow ol norinnl
and superfluid Colll]oll (Cills.” Hasanalogoustoniy,
netic transitions in antiferromagnets under applic <l
magnetic ficld. The trausition under the counterflonw
has been studied less thoroughly.

One cari study transition either keeping, the coun
terflow current o r counterflow velocity con stant,
Only the first situation has been examined expeo
imentally [1]. Most of the theories deal with 11
transition at constant velocity in one-dimensional pe
ometry [2], [3]. However, it is casier to reulize the
constant velocity case in arotating contamei. ‘1 he
norinal fluid follows the rotation of the contamerand
the superfluid is cither stationary or forns quiantiz
vortices. Thus the counterflow state is well defined
as long as vortex pattern is known.

2. APROACH

We consider here a situation analogous to the , x
periment planned at J1°1. The helium is confined to
an array of thincapillaries (of which we consider onc)
with their axes parallel wo the axis of rotation.

The pha se diagram of this systenm in the It
plane has been calculated in [4], using the sionwap
proach as ours.

We use the stationary equations o f  the phe
nomenological theory of superfluidity (¥ theory,

(3. Al though less rigorous than  a  proper
raonnalization: group treatiment, this theory should
p1ovide starting, point for comparison with future ex-
peimental yesults,

We usad the ¥ theory free energy expansion to
fir 11 the distribution of the order parameter that i -
inires the free energy of helimu in the cell. The so-
[ution is then substituted into the expression for frec
crerpy. ‘Phicheat capacity is calealated from the in-
toyratedfrec energy by taking the second derivative
of the frec (nergy as e function of temperature.

We only consider the cases of no vortices (N = 0)
o 1one vortex in the eylinder (N 1 1), Iu these cases
th eylind rical symnc try will be preserved.,

In cylindiical coordinates the free energy of he-
o i the rotating, vessel is:

& 1PIAC ((;}ﬁ) 1 (84 ot
2N RZFM) f') 1y ;BM (J»QM f4 + l‘: fG))
here 700 cr ,/i\)/,/;\, Pz ’I’/f(‘f), w =

o711 /€2(1 ), [isthe magnitude of the order
pi o meter, normalized by its bulk value with zero
¢ anterflow, v is distance frormthe axis of the cylin-
dar, w ishotation velocity, (1) is the temperature-
dependenteoherence dength and M i's an unknown
peanicter of the theory that has to be measured ex-
pe mentally.

Assuiing the axisyimetric case, mnnnization of
th = encrgy over the ( ylinderleads to the following
ditinrential cquationforthe magnitude of the order
pirinneler:
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Wesolve this cquation nuimnerically using, asyiip
totical solution j : C#N at zero. The paramecter ¢
is adjusted to satisfy the houndary condition f 1t
at the wall.

3. RESULTS

We calculated the heat capacity for £ : 3000,
w=0,50, 100, 150,200 racl/see, N= 0, 1 aud M
O, 1. Theresults are showninthe figure The plots
fromtop to bott 0111 correspondto N=: O, M :yq,
N=>- 1M::00N:0,Mz=1Tand N=1A: 1
On eachplot the lines from top (solid line) to bott. 1111
correspond to increasing rotation velocity. ‘The Jeft
end of cacli curve is the end of the stability region of
the superfluid phiase. The transition temper ature s
suppressed by bot I size effect and counter floaw. ‘1 i
horizontal dotted line on cach plot shows the bull
heat capacity in the absence of counterflow.

At lower rotation velocities w = (), 50 rad /sce the
N = O state is thermodynically stable. Athighes
rotation velocity only the N =1state is stable a
w = 100, 150 rad/sce a first order transition N
0- ) N =1 takes place as the temperaturcisredice)
further from 7).

At M 1 the heat capacity does not divergcat
the trausition, although the increase is much oy
prominentthan for M = (). It should be pointed
out that for A7 > 1 the transition in this g comctny
becoines first-order [4].

Our results canbere scaled for different value of
capillary sizes (1?), rotation velocities and {e1npera
turesas K -y kI, w -y w/k2 7 -y k7 .

Finally we have calculated the latent heut of 1 he
N =0 - N:1 transition. The values arc

w M I%-Y, KAQ, joule/m®
100 O 2.50 .10-7 0.0072
150 O 2.4 .10-7  0.0012
100 1 2.84 - 10-7 -0.0126
150 1 3.0 10-7 0.0093

4. CONCLUSIONS

We have calculated the heatl capacity of supe
fluid *He contained in a rotating capillary based i
the ¥ theory cxpansion of the free energy. Oui(al
culations show that the eflect of counterflow on hicat
capacity can be measured with realistic val ve 5 of (-
perimental parameters.
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